Interactions between cohesin and dockerin modules are critical for the formation of the cellulosome, which is responsible for the efficient degradation of plant cell-wall carbohydrates by anaerobes. Type I dockerin modules found in modular enzymatic components interact with type I cohesins in primary scaffoldins, enabling the assembly of the multi-enzyme complex. In contrast, type II dockerins located in primary scaffoldins bind to type II cohesins in adaptor scaffoldins or anchoring scaffoldins located at the bacterial envelope, contributing to the cell-surface attachment of the entire complex. Acetivibrio cellulolyticus possesses an extremely complex cellulosome arrangement which is organized by a primary enzyme-binding scaffoldin (ScaA), two anchoring scaffoldins (ScaC and ScaD) and an unusual adaptor scaffoldin (ScaB). An ScaA X-dockerin mutated to inactivate one of the two putative cohesin-binding interfaces complexed with the third ScaB cohesin from A. cellulolyticus has been purified and crystallized and data were collected to a resolution of 2.41 Å .
Introduction
Bacterial multi-enzyme complexes comprising a range of cellulases and hemicellulases, termed cellulosomes, degrade structural polysaccharides located in plant cell walls in a highly efficient and concerted way . Cohesin and dockerin recognition pairs are integral to the architecture of the cellulosome. Type I dockerins present in modular cellulosomal catalytic components bind to cohesins located in primary scaffoldins, leading to cellulosome assembly. In contrast, type II dockerins located in primary scaffoldins bind to adaptor scaffoldins, forming polycellulosomes, or to anchoring scaffoldins, contributing to the cell-surface attachment of the entire complex (Adams et al., 2006; Pinheiro et al., 2012) . The mesophilic Gram-positive bacterium Acetivibrio cellulolyticus possesses an extremely complex cellulosome which can be organized around 16 different scaffoldins that together comprise 41 cohesins (Dassa et al., 2012) . The main components in the organization of the A. cellulolyticus cellulosome are the primary enzyme-binding scaffoldin (ScaA), two anchoring scaffoldins (ScaC and ScaD) and an unusual adaptor scaffoldin (ScaB) (Xu et al., 2004) . The primary scaffoldin ScaA contains a C-terminal type II dockerin domain similar to Clostridium thermocellum CipA (Adams et al., 2006) . The ScaA dockerin binds to cohesins located in ScaB, which in turn binds to the anchoring scaffoldin ScaC via a third cohesindockerin specificity. A fourth scaffoldin, ScaD, is also located at the cell surface but, in contrast to ScaC, contains one cohesin that can bind enzymes directly and two cohesins that are specific for ScaA. ScaC and ScaD interact with the cell surface through S-layer homology (SLH) modules, which enable the entire complex to be tethered to the cell surface by at least two alternative suprastructures (Xu et al., 2004) .
Type II cohesin-dockerin interactions usually display a single mode of binding . However, initial crystallization of the wild-type ScaA X-dockerin (XDoc) with the type II cohesin failed, suggesting that this cohesin-dockerin pair might display a dual mode of binding. Closer analysis of the ScaA dockerin sequence revealed the presence of two highly homologous tandem repeats within the ScaA dockerin. Also, the key recognition pair Leu/ Glu (LE in helices 1 and 3 at positions 134-135 and 167-168 of the repeats, respectively) and Phe/Asn (FN at positions 144-145 and 177-178, respectively) are completely conserved. This contradicts what was previously observed in single binding mode type II dockerins, in which a Gly replaces the Asn at one of these two positions (Carvalho et al., 2007) . Thus, to promote the crystallization of cohesin-dockerin complexes resulting from an exclusive single mode of binding, we engineered a mutation of Asn to Gly at position 178 which led to crystal formation. We present this result together with a description of the preliminary data collection.
Materials and methods

Protein expression and purification
The genes encoding the A. cellulolyticus dockerin and cohesin optimized for expression in Escherichia coli were synthesized in vitro (NZYTech Ltd, Portugal) and were co-expressed in the same cells as described previously (Cameron et al., 2012) . In this construct, the dockerin-encoding gene was introduced at the 5 0 end and the cohesinencoding gene at the 3 0 end, with specifically tailored NheI and NcoI recognition sites at the 5 0 end and XhoI and SalI recognition sites at the 3 0 end when subcloning into pET028a (Novagen). Thus, the His 6 tag could be introduced either at the N-terminus of the dockerin using NheI and SalI or at the C-terminus of the cohesin using NcoI and XhoI, generating protein-protein complexes that could contain a His 6 tag either on the cohesin (AC2_coh) or on the X-dockerin (AC2_doc). Expression screens revealed that the dockerin-tagged complex gave higher expression levels, and it was thus selected for the subsequent work. The AC2_doc dockerin-cohesin complex was expressed in E. coli Tuner cells, which were grown at 37 C to an OD 600 of 0.5. Recombinant protein expression was induced by the addition of 0.2 mM isopropyl -d-1-thiogalactopyranoside and incubation at 19 C for 16 h. Since the levels of expression of the dockerin were much higher than those of the cohesin, we assumed that most of the cohesin molecules were complexed with dockerin. Thus, the recombinant complex and unbound cohesin were purified by immobilized metal-ion affinity chromatography (IMAC) using Sepharose columns charged with nickel (HisTrap) following conventional protocols (Najmudin et al., 2010) .
Fractions containing the purified cohesin-dockerin complex were buffer-exchanged on a PD-10 Sephadex G-25M gel-filtration column (GE Healthcare) into 20 mM Na HEPES buffer pH 7.5 containing 200 mM NaCl and 2 mM CaCl 2 . The protein-protein complexes were loaded at a flow rate of 1 ml min À1 onto a HiLoad 16/60 Superdex 75 column (GE Healthcare) previously equilibrated with 20 mM Na HEPES buffer pH 7.5 containing 200 mM NaCl and 2 mM CaCl 2 . This step enabled separation of the protein complex from a minor contamination of unbound cohesin. Fractions containing the purified complex were then concentrated with Amicon Ultra-15 centrifugal devices with a 10 kDa cutoff membrane (Millipore) and washed three times with 0.5 mM CaCl 2 . The final protein concentration was measured using a NanoDrop 2000C UV-Vis Spectrophotometer (Thermo Scientific) with a molar extinction coefficient (") of 33 350 M À1 cm À1 and was adjusted to 10 and 20 mg ml À1 AC2_doc in 0.5 mM CaCl 2 . A purity evaluation by SDS-PAGE was performed (Fig. 1) . 
Crystallization
The crystallization conditions were screened by the sitting-drop vapour-phase diffusion method using the commercial kits Crystal Screen, Crystal Screen 2, PEG/Ion and PEG/Ion 2 from Hampton Research (California, USA) and JCSG-plus HT96 screens (Molecular Dimensions, UK) with an Oryx8 robotic nanodrop dispensing system (Douglas Instruments). Drops consisting of 0.7 ml AC2_doc concentrated to 10 or 20 mg ml À1 and 0.7 ml reservoir solution were prepared at 292 K. Crystals were obtained in 25% PEG 3350, 0.1 M bis-tris pH 5.5, 0.2 M MgCl 2 (Fig. 2a) . These crystals were cryocooled in liquid nitrogen after passing them through a cryoprotectant solution consisting of the crystallization buffer containing 30% glycerol.
Data collection and processing
Data were collected on beamline ID14-4 at the European Synchrotron Radiation Facility (ESRF), Grenoble, France using a Q315r CCD detector (ADSC) from crystals cooled to 100 K using a Cryostream (Oxford Cryosystems). EDNA and MOSFLM (Leslie, 1992) were used for strategy calculation during data collection. All data were processed with iMosflm (Battye et al., 2011) and AIMLESS (Evans, 2011) from the CCP4 suite (Collaborative Computational Project, Number 4, 1994; Winn et al., 2011) . The AC2_doc crystals belonged to the monoclinic space group P2 1 and the best crystal diffracted to a resolution of 2.41 Å (Fig. 2b) . Data-collection statistics are given in Table 1 . The Matthews coefficient indicated the presence of a single cohesin-dockerin complex (V M = 2.41 Å 3 Da À1 ; solvent content of $49%; Matthews, 1968) . BALBES was used to carry out molecular replacement (Long et al., 2008) . 41 structures with a sequence identity of greater than 15% were found. The best solution was found using the cohesin structure with PDB code 2b59 (Adams et al., 2006 ; 57% sequence identity) and the X-dockerin structure with PDB code 3l8q (Noach et al., 2010 ; 91% sequence identity). This gave a single Coh-Xdoc complex in space group P2 1 , with an initial R factor and R free of 34.6 and 44.2%, respectively, using REFMAC5 (Murshudov et al., 2011) and a Q-factor of 0.688. Structure refinement and analysis are ongoing.
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